Chronic hypoperfusion induced by permanent occlusion of the bilateral common carotid arteries (2VO) in rats caused progressive and long-lasting cognitive deficits, 1,2) dysfunction of new information learning in the early stage, and memory loss in the late stage, suggesting that those deficits are due to impairment of memory retention and/or the memory recall process. We also found progressive neuronal damage in the hippocampus and the white matter: neuronal cell loss in the CA1 subfield appeared 4 months but not 1 month after permanent 2VO, and rarefaction of the white matter was observed 1 month after permanent 2VO and markedly increased 4 months after the operation.
Chronic hypoperfusion induced by permanent occlusion of the bilateral common carotid arteries (2VO) in rats caused progressive and long-lasting cognitive deficits, 1, 2) dysfunction of new information learning in the early stage, and memory loss in the late stage, suggesting that those deficits are due to impairment of memory retention and/or the memory recall process. We also found progressive neuronal damage in the hippocampus and the white matter: neuronal cell loss in the CA1 subfield appeared 4 months but not 1 month after permanent 2VO, and rarefaction of the white matter was observed 1 month after permanent 2VO and markedly increased 4 months after the operation.
3) White matter lesions are common findings in elderly persons and in patients with cognitive impairment. 4) These lesions also appear in vascular dementia 4) and Alzheimer's disease (AD) patients, 5) suggesting that this 2VO model is useful for investigating molecular mechanisms of the generation of dementia.
In the case of AD, 6) some kinds of related molecules have been isolated: amyloid precursor protein (APP), 7) presenilin 1/2, 8,9) tau 10, 11) and others. The disease-generating mechanisms involving these moleculues are under vigorous investigation, and it has been found that some kinds of mutations and phosphorylations of these moleculues stimulate formation of neurofibrillary tangles, resulting in AD. In this study, using the 2VO dementia model rat, expression changes of mRNA of APP and the related factors, secretase, a7 nicotinic acetylcholine receptor (a7NicR), were studied by semiquantitative PCR protocol. Secretase is a key enzyme to generate amyloid b-peptide (Ab) from APP. There are some reports that Ab binds with a7NicR to show the cellular function. [12] [13] [14] The relatioship between acetylcholine esterase (AChE) and AD was also studied. 15) 
MATERIALS AND METHODS

Animals
Male Wistar rats (Sankyo Labo Service, Hamamatsu, Japan) age 14 weeks were used. Animals were housed in a 12-h light/dark cycle (light on during 7:30 am-7:30 pm) at room temperature of 24Ϯ1°C with a relative humidity of 55Ϯ5%. Food and water were supplied ad libitum.
2VO Operation
The surgery was performed as described previously.
2) Rats were anesthetized with pentobarbital sodium (30 mg/kg, i.p.). A ventral midline incision was conducted to expose the common carotid arteries. The arteries were then carefully separated from the adjacent vessels and nerves. Silk suture (No. 1, Natsume Com. Ltd., Tokyo, Japan) was employed to occlude the arteries. Sham-operated controls were received the same operation but without occlusion of the arteries. The animals were decapitated on the designated days at 4:00 pm. Whole brain was removed and frozen in liquid nitrogen and then kept at Ϫ80°C for further RNA isolation.
RNA Isolation and RT/PCR Total RNA isolation was performed using Isogen ® (Nippon Gene, Toyama, Japan), which is a modification of the methods described by Chomczynski and Sacchi. 16) The RNA was precipitated with isopropanol. The precipitate was resuspended in DEPC-water. The RNA concentration was spectrophotometrically measured at 260 nm and the quality was certified from the wavelength scan. First strand cDNA was synthesized using 200 unit Superscript II reverse transcriptase (Invitrogen) from 2.0 mg of total RNA and 5 mM oligo (dT) primer in 20 ml mixture. PCR was carried out in 10 ml reaction mixtures containing 1 ml of the first strand cDNA, 1 mM of sense and antisense primers, 250 mM dNTPs and 2 units of Taq DNA polymerase (Promega, Madison, WI, U.S.A.) in reaction buffer containing 2.5 mM MgCl 2 . Thermocycling was performed using the following protocol: (1) 94°C for 10 min, (2) designated cycles of 94°C for 1 min, 57°C for 2 min and 72°C for 2 min, and then (3) 72°C for 10 min before cooling to 4°C. The primers used in PCR were followings; for b-actin (accession No.: V01217) as a internal standard: upstream 5Ј-GT-GACAGCAT TGCTTCTGTG-3Ј and downstream 5Ј-AAC-GGTCTCA CGTCAGTGTA-3Ј, resulting in a 222 bp product; for APP (BC062082): upstream 5Ј-AATCCTGCAG TACTGCCAAG-3Ј and downstream 5Ј-TGGCAACAGT ATGCCAGTGA-3Ј, resulting in a 261 bp product; for g-secretase (presenilin-1, NM019163): upstream 5Ј-TTCACAG- The rat with permanent occlusion of the bilateral common carotid arteries (2VO) is useful model for the study of dementia. The expression changes of amyloid precursor protein (APP), secretase, a a7 nicotinic acetylcholine receptor (a a7NicR) and acetylcholine esterase (AChE), which are involved in Alzheimer's disease, were examined by quantitative RT/PCR in this model rat brain. The expression of APP, a a7NicR and secretase were increased 4 d after 2VO. The a a7NicR level at 2 d after operation already tended to increase. These result suggest that a a7NicR expression was enhanced at early stage of brain ischemia. Using this model to find drugs which regulate the a a7NicR expression will be useful to assay the materials with anti-dementive effect.
Key words dementia; nicotinic a7 receptor; Alzheimer's disease; model rat; gene expression AAG ACACCGAGAC-3Ј and downstream 5Ј-GTAATAT-AGT CCACGGCGAC-3Ј, resulting in a 239 bp product; for a7NicR (NM012832): upstream 5Ј-CTCTGACTGT CTTC-ATGCTG-3Ј and downstream 5Ј-GTGCATGAGG TGCT-CATCAT-3Ј, resulting in a 455 bp product; for AChE (NM172009): upstream 5Ј-TCGAGAGCTG AGTGAAGA-CT-3Ј and downstream 5Ј-TGATCCAGCA GGCCTACATT-3Ј, resulting in a 252 bp product. The PCR product was electrophoresed in a 6% polyacrylamide gel and then stained with ethidium bromide. The bands were visualized under UV light and quantified with a densitometer using ATTO Densitograph 4.0 software.
RESULTS
To determine the suitable PCR cycle for the quantitative analysis of each expression, PCR reactions were carried out at indicated cycles in Fig. 1 using the specific primer pairs for each factor. All of the factors were clearly showed the gradient densities during the indicated cycles. And each sample only show a clear main band at the estimated size, suggesting that the PCR could actually detect the targeted factors, although the sequences were not read. From the results of Fig. 1 , we use following cycles to determine the expression levels of the samples: 18 cycles for b-actin, 22 for APP, 28 for COX-2, 25 for AchE, 30 for a7NicR and 30 for secretase.
The mRNAs were isolated from the sham-and 2VO-operated rat brain at day 2, 4, 7, 14 and 112 (16 weeks) after operation. The expression differences could only compare between sham and 2VO at each time point, since developing conditions of staining among gels could not be perfectly unified and the mean value of the densities were difference among gels. Then the results were shown as that the mean of the expression density value of sham was 100%. The expression of APP, a7NicR and secretase were significantly increased in permanent ischemic brain 4 d after operation. The expression enhancement of APP still could be seen at day 7, but others reversed to sham level. At 16 weeks after operation, almost all, except for AChE, expression levels were same between sham and 2VO, but AChE expression was significantly decreased by 2VO. During the all period, no difference of the expression levels of b-actin, a kind of house keeping gene, could be detected.
DISCUSSION
Recently there are many reports mentioned about the relationships between Ab protein and a7NicR. This report may also give us a new way to discuss the relationship.
Immunohistochemical analysis on AD hippocampal samples indicate that Ab42 and a7NicR are abundantly present in neuritic plaues and neurons, whereas the a4NicR, another neuronal nicotinic acetylcholine receptors, or NMDA receptors are not detected.
12) The Ab42 binds to the a7NicR with exceptionally high affinity when compared to that of Ab40, and that this interaction can be inhibited by a7NicR ligands. 17) Ab42 inhibited the caged-carbachol-induced nicotinic current in a concentration dependent manner and the both 38 and 62 pS channel probability.
14) The signal of Ab42 binding with a7NicR is transduced by ERK2/MAPK cascade followed by CREB phosphorylation which was thought to have important roles in learning and memory.
13) Furthermore, the possible involvement of the a7NicR in Ab42 internalization and accumulation in neurons are revealed by immunohistochemistry performance in AD brains and in a7NicR transfected SK-N-MC cells. 18) Our results showed that both APP and a7NicR, as well as secretase, mRNA expressions in the permanent ischemic rat brain were significantly enhanced at "early days" after ischemia and back to the control level at later. It is hardly to image that this transient enhancement of expression is involved in the Ab accumulation and cognitive dysfunction directly. What is the functional role of this transient enhancement expression of APP/a7NicR system's mRNA? Recently, it has been reported that Ab42 but not Ab40, stimulates neurogenesis in neuronal stem cells from hippocampus in B16 mice. 19) a7NicR "agonist" has protective effects on delayed neuronal cell death. 20) It has been reported that a decreased number of nicotinic acetylcholine receptors, including the a7NicR, has been reported in specific regions of the AD brain, and this deficit occurs early in the course of the disease and correlates well with cognitive dysfunctions. [21] [22] [23] The transient enhancement expression may have role to protect or compensate the neuronal damage induced by ischemia. Further experiments including as assay of the drugs which regulate the a7NicR mRNA expression are necessary to clarify these problems.
The expression of AChE was decreased at late stage of ischemia, 16 weeks. This may be reflected the decrease of cholinergic signalling system activity. Most of the cortical AChE activity present in AD brain was found to be associated with neuritic plaques, 24, 25) in which it is co-localized with Ab peptide deposits. These findings may suggest that dysfunction of acetylcholine signalling system is the late stage of dementia. It has well known that AChE inhibitor has an anti-dementive effects. 26) It is, however, necessary to find the drugs act at more early stage of dementia for getting the therapeutic or protective effects. Using this 2VO dementia model rats to find drugs which change the a7NicR mRNA expression at early stage may be benefical to assay a novel drug for dementia.
